Less than one year after the description of the Treponema pallidum by Schaudinn and Hoffman, the first report of the application of the complementfixation reaction of Bordet and Gengou (1901) to the diagnosis of human syphilis was published in Budapest by Detre (1906) , exactly 2 weeks after the appearance of the classical paper "A Sero-diagnostic Reaction in Syphilis" by Wassermann, Neisser, and Bruck (1906) . These workers used antigens consisting of saline extracts of tissues known to contain large numbers of treponemata, and deemed that the antigens of these treponemata were responsible for the observed specificity of their tests.
Within a year, however, it was found that serviceable antigens for the diagnosis of syphilis could be prepared from normal tissues (Marie and Levaditi, 1907; Landsteiner, Muller, and Poetzl, 1907) , and within 4 years antigens derived from alcoholic extracts of heart muscle with added cholesterol were in use (Browning, Cruickshank, and M'Kenzie, 1910; Sachs, 1911) , and these, with developments and modifications, have remained the basis of the sero-diagnosis of syphilis.
Since the introduction of the Treponemal Immobilization (TPI) test by Nelson and Mayer (1949) , the intense research of the early years of the century has been mirrored by a world-wide return to Wassermann and Detre's original concept, and an increasing number of tests using antigens derived from both virulent and avirulent strains of treponemata have been introduced. These tests detect not only Wassermann antibody (reagin) but other antibodies found in the sera of patients suffering from the treponematoses, and have allowed conclusions to be drawn on the antigenic structure of T. pallidum. Table I shows the probable antigenic structure of both the Nichols and Reiter strains of treponemata. The Table is constructed to stress their similarity rather than their considerable differences. It is not unlikely that there are other antigens, or that some, for example the protein fraction, are mixtures of antigens. The structure of the Nichols strain was deduced from agglutination studies by Hardy and Nell (1955, 1957) , and that of the Reiter treponeme by D'Alessandro and Oddo (1948) and D'Alessandro, Oddo, and Dardanoni (1950) both from agglutination studies and by chemical fractionation. Nichols and Hough (1913) . In spite of having been maintained in animals for over 40 years, it is able to cause clinical syphilis in man. According to Turner and Hollander (1957) , laboratory infections most commonly result from accidents occurring during the inoculation of animals, and therefore apply to a greater or lesser extent to all these tests, even those using a non-living antigen. The technical difficulties of the TPI test are well known; they apply, however, more to the starting of the test in a new centre than to the week-to-week performance of the test, and with experience a reasonably regular service can be maintained. Further considerable experience of the test has been gained and it has (Nelson, 1953) , and on the antigenic structure of T. pallidum (Hardy and Nell, 1955, 1957) . All these treponemal tests are read with the microscope, and the author suggests that, from among them, the test of choice is the TPI test, and that its reliability and the experience gained over 9 years outweigh its technical problems.
The remainder are complement-fixation tests. The TPCF test appears most promising from published reports (Magnuson and Portnoy, 1956; Portnoy and Magnuson, 1955) , and achieves very close agreement with the TPI test, except in early syphilis when it is more sensitive. The antigen is, however, laborious to produce and, though commercially available in the United States, costs about $3 per test dose.
The antigen of the TWR is relatively easy to produce, the technique of the test is straightforward though carried out in small volumes and requires only standard serological equipment.
The remaining tests use antigens derived from cultivable, avirulent strains of treponemata, and in practice from Reiter's strain and its variants. This strain was isolated by Wassermann and Ficker (1922) and, together with certain other strains, was passed on to Reiter for further study. The details of the isolation of this organism do not appear in the original literature, though Ruge (1956) stated that it was isolated from a patient with primary syphilis. Whatever its origin, it is now distinct from the causative agent of syphilis in that it is avirulent for man and animals, multiplies in relatively simple media, and can survive for long periods without subculture. Commercially prepared suspensions of this organism for use as an antigen in the diagnosis of syphilis were available before 1939 and were widely used in Germany and elsewhere, but they were not universally accepted, possibly because of crossreactions with the standard Wassermann reaction. The use of these suspensions has been reviewed by Gaehtgens (1929 Gaehtgens ( , 1937 If, however, the TPI test is replaced by another treponemal test which detects reagin in addition to a second antibody, this test will be positive on some occasions because of the reagin alone and will therefore be unable to distinguish between some biologic false positive reactions and syphilis. The TPA test is of this type, reagin causing rapid agglutination of the antigen, while a second antibody requires incubation overnight to produce a detectable reaction. In practice, it is possible to distinguish between the two reactions by removing the reagin by adsorption with STS antigen. The position is further complicated by the finding that a proportion of STS-negative sera contain an aggultinin for TPA antigen which can be removed by adsorption with STS antigen, and is therefore a type of reagin. (Price, 1948; Price and Whelan, 1956 ).
The RPCF test was carried out by a modified Whitechapel WR technique. Preliminary experiments with this method showed that, using the normal amount of complement, the test was of rather low sensitivity. ft was therefore carried out with the complement dilution in the diagnostic row equal to the titration reading and not, as is usual, to one and a quarter times that amount. In practrce, the test consisted of an additional row in the Wassermann reaction and, since the antigen is not anticomplementary, the dilution of complement used was frequently the same as in the serum controls. The antigen was obtained commercially.*
The treponemal immobilization (TPI) test was carried out as described by Nelson and Mayer (1949) with the following modifications:
The amounts of serum ultrafiltrate and sodium thioglycollate in the medium were doubled and trebled respectively. Streptomycin was added to the test mixture to a final concentration of 150-200 Ftg./ml. The tests were incubated in a mixture of hydrogen 95 per cent., carbon dioxide 5 per cent. in a McIntosh and Fildes jar which was evacuated and refilled with gas mixture once only. The sera used were not separated aseptically, but selected from those used for the STS. All sera were treated with penicillinase before testing. The volumes used in the test were 0 033 ml. patient's serum, 0 1 ml. guinea-pig serum, 0 * 2 ml. treponeme suspension (total volume 0 333 ml.).
F VENEREAL DISEASES
The tests were read using a dry dark-ground condenser and special 4-mm. objectivet with a 48-watt high intensity lamp.
Material
The material presented, consisting of three distinct series, is summarized in Table III . In each series, all sera were examined with a battery of STS, consisting of the Wassermann reaction using both standard and cardiolipin antigens; and the PPR. The sera were also subjected to the Kahn test, but these results are not analysed in this report. In the TWR series, that test was carried out on all sera (when technically possible) and, unless the result was known for the patient in question, the TPI test was carried out as far as was practicable on all sera giving a positive reaction with any test. In the RPCF test series, all sera were examined with the STS battery and the RPCF test, and the TWR and TPI test were used in confirmation. In both series, the TPI test was also carried out on a number of STS-negative sera when a clinical diagnosis of symptomatic syphilis seemed possible. The Table shows the number of sera examined by the various tests, classified as V.D. clinic patients (Clinic), and general hospital (G.H.) and antenatal clinic (A.N.) patients. These groups are unselected, and include only patients from hospitals for which the Marlborough Laboratory, Royal Free Hospital, provides a routine serology service. Those marked "Problem" are selected sera sent from elsewhere, usually because of the finding of positive or inconclusive STS. This group differs very significantly from the others in that the vast majority of STS-negative patients are excluded.
The blood donor series comprises sera from unselected blood donors which were kindly sent to me by Dr. James of the N.W. Metropolitan Blood Transfusion Centre. This series consists virtually exclusively of healthy European adults, the STS and RPCF test were carried out on 899, the TPI test on 898, and the TWR on the last 763 of the series.
Results and Discussion
The blood donor series is presented as a group of apparently healthy persons in whom the incidence of syphilis may be assumed to be low. This assumption is supported by the low incidence of positive reactions (Table IV) . Table X (overleaf).
The RPCF test was negative in nine of the TPInegative patients, the exception being a patient with primary syphilis, and in sixteen of the TPI-positive patients. In nine of these sixteen patients the treatment status was unknown to the author: two patients had latent syphilis, three had cardiovascular syphilis, and three had neurosyphilis; the ninth was over 60 years of age and had congenital syphilis. The remaining seven RPCF-negative patients had all received treatment; two had been treated for secondary syphilis and one for neurosyphilis about one year before the tests, and the others (three with neurosyphilis and one with a congenital infection) had all been treated over 6 years previously.
In addition to the patients so far considered, there were 103 whose treatment status was unknown but in whom the diagnosis of latent syphilis was based on the finding of positive STS and TPI tests. Three of these were possibly cases of late symptomatic syphilis. This group contained eleven patients in whom the RPCF test was negative. This proportion is intermediate between that in the untreated and treated groups of patients with late and latent syphilis. This is the expected finding, as 94 of these sera had been sent in for examination as presenting a problem in diagnosis. In seventeen patients, the PPR was negative, and in six of these the routine WR was negative also. In all patients of this group, however, the CWR was positive.
In the whole series, there were 26 patients who had a negative TPI test and positive RPCF test. These included one patient with a history of previous yaws and the patient with untreated primary syphilis already mentioned. Of these 26 patients, only two had strongly positive STS, and in one of these, the RPCF was weakly reactive but had been read as negative on a previous specimen which was not entirely satisfactory from a technical point of view as the serum was slightly anti-complementary. This patient had been diagnosed as suffering from latent syphilis about 20 years before and had been fully treated and followed up. No supporting evidence of syphilis was ever found. In the two specimens examined, the PPR was positive at a dilution of 1 in 8 and I in 16, and the TPI test was negative. During the previous year this woman developed 
